In this paper, we first discuss some basic properties of semipreinvex functions. We then show that the ratio of semipreinvex functions is semipreinvex, which extends earlier results by Khan and Hanson [6] and Craven and Mond [3] . Finally, saddle point optimality criteria are developed for a multiobjective fractional programming problem under semipreinvexity conditions.
In this paper, we give some new properties of semipreinvex functions. In particular, we show that the ratio of two semipreinvex functions is a semipreinvex function. This result extends the property, that if / and -g are invex then f/g is invex, obtained by Khan and Hanson [6] and Craven and Mond [3] . We also point out that a statement made by Noor in [8] is not correct. Also, saddle point optimality criteria involving semipreinvex functions are developed for a multiobjective fractional programming problem.
SOME NEW PROPERTIES OF SEMIPREINVEX FUNCTIONS
The following results characterise semipreinvex functions.
THEOREM 2 . 1 . Let K be a semi-connected set with respect to 77(1, y, a). A function f : K -> R is semipreinvex with respect to the same T)(x, y, a) if and only if, for all x,yeK,ae
[0,1], and u, v € R,
f(x) < u and f(y) < v =>• f(y + ar)(x, y, a)) < au + (1 -a)v.
P R O O F : Let / be semipreinvex with respect to 77, and let f(x) < u, f(y) < v, 0 < a < 1. From the definition of semipreinvexity, we have
By the assumption of the theorem, we have, for 0 < a < 1,
Since 6 > 0 can be arbitrarily small, it follows that
Hence, / is semipreinvex on K. This completes the proof. u
THEOREM 2 . 2 . Let K be a semi-connected set with respect to r){x, y,a). A function f : K -¥ R is semipreinvex with respect to the same T](X, y, a) if and only if the set is semi-connected with respect to T)\
, that is, f(x) < u and f(y) < v. From the semipreinvexity of / , we have
It follows that
Hence, F(f) is a semi-connected set with respect to
Sufficiency. Assume that F(f) is a semi-connected set with respect to It follows that
Then, by Theorem 2.1, / is a semipreinvex function with respect to r/(x, y, a) on K. D In Noor [8] , the following statement is given: a function / : K -> R is semipreinvex with respect to r](x, y, a) if and only if the epigraph of / ,
is semi-connected with respect to the same 77. This statement contains an error, that is, the set G(f) is semi-connected with respect to i]i ((y,v) , (x,u) ,a) = (j](y,x,a),v -u), but not with respect to 77. We give a correction of this statement below. THEOREM 
. 3 . Let K be a semi-connected set with respect to T](X, y,ct). A function f : K -> R is semipreinvex with respect to the same T)(X, y, a) if and only if the
where
Hence, G(f) is a semi-connected set with respect to 7?i((y,v), (x,u),a) = (r](y,x,a),v -u).
Sufficiency. Assume that G(f) is a semi-connected set with respect to
That is,
Hence, / is a semipreinvex function with respect to 7j(x, y, a) on K. 0 THEOREM 2 . 4 . Let K c R n + 1 and
If K is a semi-connected set with respect to 771 : K x K x [0,1] -> R n + 1 and TJ :
then f : R n -• R is a semipreinvex function with respect to 77 on R n .
PROOF: It suffices to show that the function / : R" -> R is a semipreinvex function with respect to r](y,x, a). To see this, let x, y € R". Since AT is a semi-connected set with respect to ?
By the definition of /, we obtain
Hence, / is a semipreinvex function with respect to 77 on R". D THEOREM 2 . 5 . Let I be an index set. If (5j), e / is a family of semi-connected subsets in R n+1 with respect to the same function % : PROOF: Since each fi is a semipreinvex function for the same function 77 on K, it follows from Theorem 2.3 that its epigraph
is a semi-connected set in R" x R with respect to % = (77(2/, x, a), v -u). Therefore, their intersection
is also a semi-connected set in R" x R with respect to 771 = (r)(y, x,a) 
. Let X o c R" and let f and g be real-valued functions defined on Xo-If fix) ^ 0, g(x) > 0, f{x) and -g(x) are invex with respect to the same r](x,y) on Xo, then f(x)/g(x) is an invex function with respect torj(x,y) = (g{y)/g{x))r){x,y).
Now we present a similar result in: THEOREM 2 . 8 .
Let X o C R n and let f and g be real-valued functions deGned on

Xo-If f{x) ^ 0, g(x) > 0, f(x) and -g(x) are semipreinvex with respect to a same T](x,y,a) on X o , then f(x)/g(x) is a semipreinvex function with respect to Tj(x,y,a) = (9(y))I'( a 9{y) + (1 -a)g{x))r){x,y,a).
PROOF: Since f(x) and -g(x) are semipreinvex functions with respect to the same 77(x, y, a) and f(x) ^ 0, g{x) > 0, we have, for any x,y e X o , and a € [0,1],
-)(y + af}(x, y,a)) --.-•-_ ' ' g j\* n g( y + ar)(x,y,a)) _ f{y + °<{9(y))/{°<9(y) + (1 -a)g(x))v(2, y, QQ) 9(y + a(g{y))/{ag(y) + (1 -a)g{x))r){x,y,a)) < (Qg(y))/(«g(i/) + (1 -<x)g(z))f(x) + (1 -(<*9(y))/(<x9{y) + (i -a)gW))/(y) (<*g(y))/(ag(y) + (1 -a)g(x))g(x) + (1 -(ag(y))/(ag{y) + (1 -a)g{x)))g{y)
That is, (f(x))/(g(x)
) is a semipreinvex function with respect to T}(X, y, a). D From Theorem 2.8, it is easy to prove the following result. 
a) = T]{x, y), then (f(x))/(g(x)) is an invex function with respect to
In particular, we wish to point out that the following question remains open: Is there a similar result as that of Theorem 2.9 for preinvex functions? [7] Semipreinvex functions 455
A P P L I C A T I O N S T O M U L T I O B J E C T I V E FRACTIONAL P R O G R A M M I N G
The following notations for vector orderings in R" will be used: x J£ y is the negation of x ~£ y;
x ^ y is the negation of x > y;
Multiobjective fractional programming problems have been studied by many authors. In this section, we obtain saddle point optimality criteria and Lagrangian type duality results for multiobjective fractional programming problems involving semipreinvex functions. We consider the following problem.
Primal Problem (FP): 
,
Following Bector's parametric approach reported in [1] , we consider the following multiobjective optimisation problem.
Primal Problem (MP V ):
The following Lemma can be proved using similar lines to that given in Kaul and Lyall [7] . [8] LEMMA 3 . 1 . Let x* be a properly efficient solution of (FP). Then, x* is a properly efficient solution of (MP v 
.) with v* = (f(x*))/(g(x*)).
Conversely if x* is a properly efficient solution of (MP V <) wherevj = (fj(x m ))/(gj(x*)), j -1,2,... ,k, then x* is a properly efficient solution of (FP) .
Following Geoffrion's idea reported in [5] , we consider the scalar programs corresponding to (FP) 
and (MP V -).
Primal Problem (FP) a -:
The following results are due to Geoffrion [5] . for a feasible solution x of (FP). Then x* is an optimal solution of (FP) O .. Thus, by Lemma 3.1, it follows that x* is a properly efficient solution of (FP). D The program (FP) will be said to satisfy the generalised Slater constraint qualification if h is semipreinvex with respect to 77 and there exists Xi £ X such that g(x\) < 0. 
